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Abstract 
On the assumption that the rock formations of bending flowage fold is heterogeneous board agglutinated by many 
isotropic stretch foliums, the paper studied the location of fold neutral surface when the rock formation of fold was 
under pure buckling only on the basis of elastic thin plate theory, and obtained the location formula of neutral surface 
of fold with the main parameters of modulus of elasticity, Poisson's ratio, and thickness of each rock formations. 
Combining Laohe syncline data of Liupanshui coalfield in Guizhou province, the neutral surface of Laohe syncline 
was located in the fine sandstone of NO.9 coal seam floor of Longtan formation, as far as 966m from the bottom of 
Maokou formation. The closer coal seam distance from neutral plane, the smaller effect of fold construction on gas 
occurrence and resulted in less difference between the gas content of coal seam near neutral surface and that of wing 
of syncline. The research results have certain steering effects on coal bed methane exploitation and preventing coal 
and gas outburst. 
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1. Introduction 
Fold, as the basic deformation of sedimentary basins, is rock formation occurred deformation. Neutral 
plane is a non-response surface in the centre of fold, with neither elongation nor shortening, which 
demonstrates a structural phenomenon in the course of fold deformation, and it is an important interface 
in rock formation deformation. Tectonic deformation of the lower and upper layers in the neutral surface 
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occurs in the tectonic stress field [1]. The geometric significance of neutral surface curvature can reflect 
the specific forms and deformation characteristics of the adjacent region [2]. The control law study of 
damage type of coal structure can be done using fold neutral surface effect, which can forecast coal and 
gas outburst[3], be helpful to analyzing coalbed methane reservoir properties, mastering the stress state of 
coal reservoir fracture[4], studying fracture of coal reservoir development law[5-6] , predicting coal 
permeability and finding out occurrence regularity of coalbed methane in fold structure. Our research 
results have certain steering effects on coalbed methane exploration and development. 
It is not easy to locate the fold neutral surface, especially when fold is buried in the ground, and the 
determination and application of neutral surface of fold is still a problem. Zhang Wenyou derived the 
location of neutral surface of two layers without considering Poisson's ratio of rock formation [1], but there 
is no valid formula to determine the location of fold neutral surface of multi-layers. Basing on the theory 
of elastic thin plate and the principle of static equivalent, considering rock elastic parameters and 
thickness, position calculation method has been derived when multi-layer folding and modulus of 
elasticity, Poisson's ratio, and thickness of each rock formations have been obtained. Laohe syncline of 
Liupanshui, for example, the location of fold neutral surface has been determined of the syncline, and the 
effects of neutral plane on gas content have been analyzed of Laohe syncline. 
 
Nomenclature 
h    rock thickness 
x   stress on the x-axis direction 
    deflection of thin plate 
E    elastic modulus 
    Poisson's ratio 
a    distance between neutral surface of elastic plate and the lower surface 
2. Mechanical model 
In the folding process, simple bedding shear can regulate rock bending mostly. It includes two ways of 
this simple bedding shear: bending sliding and bending flowage. 
Bending sliding fold, with weak friction between two layers, slide between layers under the same 
bedding compressive stress field, each bending rocks have its own fold. Each rock bended can be regard 
as a curved plate, with the arched part and concave part suffering different types of stress, and the neutral 
surface in the middle of the rock, with its stress zero. In the bending flowage fold, all the layers have there 
neutral surfaces, with the whole fold no neutral surface, each bedding plane of rocks in parallel with each 
other, the neutral surface also parallel with each other, as shown in figure 1. 
 
Fig.1. Sketch map of neutral surface of bending flowage fold 
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3. Formula derivation of neutral surface of bending flowage fold  
When the friction between the rock layers is stronger than the bending shear stress, there is no 
inter-bedded sliding between layers, being bending flows fold.  
Take making the following assumptions simplify the calculation: First, the bending flows fold of 
multi-strata is non-uniform plate bonded together by number of isotropic elastic layers. Second, rock 
stratum width (l) is much larger than the thickness (h). Third, rock only suffers pure bending. Last, the 
thickness of each rock does not change after force.  
When there is only one rock layer, according to material mechanics, the neutral surface of uniform 
board locates in the central board [7]. 
When fold has multi-strata, Ei, i , ih  represent elastic modulus, Poisson's ratio and thickness of the i 
thin plate, the total thickness of the plate is h=h1+h2+h3+…+hi. a is the distance of neutral surface of 
elastic plate to the lower surface. According to law of right hand spiral, the neutral surface is xy surface. 
The following shows the derivation of relationship between a and layers parameters. 
When the rock layers are two, three and four time, infinitesimal cross-section models are shown in 
figure 2. Taking two layers for example, derivation process are as follows: 
When n = 2, the nature of the neutral surface remains unchanged, but
2
ha  . In the infinitesimal 
cross-section, the formula is:  
0
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  dzdz xx                                                                (1) 
Which 1x is the stress on the x-axis direction of layer 1 cross-section； 2x is the stress on the x-axis 
direction of Layer 2 cross-section. 
The physical equation of elastic plate is: 
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Which is the deflection of thin plate；E is elastic modulus of thin plate；  is Poisson's ratio of 
thin plate. 
Because of the setting condition of bending not occur in the y-axis direction, then 02
2



y
 , as: 
2
2
21 x
Ez
x







                                                                (3) 
As layers cement together, layers do not slip, layers of 02
2



x
 are same and constant, take the 
formula (3) into (1) as: 0
11
221
2
2
2
2
2
1
1 


 




ah
a
ahh
ah
zdzEzdzE

. The solution is:                      
       
)
11
(2
1
)2(
1
22
2
2
12
1
1
222
2
2
1212
1
1
hEhE
hhEhhhE
a










                                                  (4)  
 
2322  Liu Aihua et al. / Procedia Engineering 26 (2011) 2319 – 2325 Liu Aihua/ Procedia Engineering 00 (2011) 000–000 4 
a                b               c                  d 
Fig.2. Micro-unites cross-section model of multilayer plate 
Have the same understanding, solution is: 
When n = 3, 
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When n = 4, 
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Set 00 h , the distance of neutral surface of elastic plate to the lower surface of n  layer elastic plate 
can be obtained by induction through formula (4), formula (5), and formula (6) : 
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Take 1n  into the formula (7), get
2
ha  , meet the formula；the equation (7) is the calculation 
formula of a, which is the distance of neutral surface of fold to the lower surface of rock. 
4. Case study 
Take Laohe syncline which locates in the northern extension of Langdai syncline in the central of 
Liupanshui coalfield as an example to illustrat distribution characteristics of gas in different position of 
neutral plane. The length of Laohe syncline is 2km, the largerst width of 6km, the synclinal axis is N55°
W, rock formation conclude the follow groups, from the bottom to the upper: Maokou group(P2m)、Emei 
group(P3β), Longtan group(P3l), Feixianguan group(T1f), Dalong group(P3d), Changxing group(P3c), 
Guanling group(P3c)and Quaternary(Q), and the Quaternary was not involved in folding. 
Stratum stratigraphic structure and differences in physical and mechanical properties of rock illustrate 
that the overall rock shows heterogeneity, the stratum of Feixianuan group(T1f), Dalong group(P3d)) and 
Changxing group(P3c)bond closely, can be studied as a deformation layer [8].Therefore, based on the 
difference of the mechanical properties of rocks, the paper takes rock formation as 5 single plates to study 
during the deformation analysis. Stratum parameters are shown in table 1. 
Table 1. Stratum parameters of Laohe syncline 
Rock formation 
Thickness h 
(m) 
Elastic constants E 
 (104MPa) 
Poisson's ratio 
μ 
Guanling group 232 2.63 0.14 
Feixianguan group,Dalong group,Changxing group 596 3.19 0.2 
Longtan group 380 2.97 0.22 
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Emei group 336 2.7 0.21 
Maokou group 380 2.9 0.23 
Taking the data into the equation (7), neutral surface of Laohe syncline is obtained and it located in the 
fine-grained sandstone in the floor strata of Longtan group No. 9 coal seam, as far as 966m from the 
bottom of Maokou formation.  
No 1,3,4 and 7 coal seam of Longtan group are all above the neutral surface of fold, far away from the 
neutral surface 91.77 m, 80.15 m, 63.78 m and 44.04 m, respectively. The drilling measured gas content 
(table 2) statistics show that the gas content in fold core is higher than that of the two wings of the fold 
(table 3). 
Table 2. Statistics of measured gas content 
Drilling 
number 
Measured gas content  (m3/t) Fold site  
No. 1 coal seam  No. 2 coal seam No. 3 coal seam No. 4 coal seam 
zk0102 9.72 9.94 10.21 14.34 
core zk0202 9.89 10.09 10.53 14.96 
zk0302 11.25 11.24 10.94 14.88 
1 6.47 6.9 7.78 11.78 
wings 
zk0201 8.35 8.35 8.86 13.45 
2 8.38 9.04 9.52 13.47 
zk0301 -  -  -  12.6 
zk0101 -  -  -  13.16 
Table 3. Coal bed gas content of the core and the wing of the fold 
Coal seam 
number 
distance between coal 
bed and neutral plane 
(m) 
Fold site  
Average gas content 
(m3/t) 
gas content deduction  
between core and wings  
(m3/t) 
1 91.77 
core 10.287 
2.557 
wings 7.73 
3 80.15 
core 10.42 
2.323 
wings 8.097 
4 63.78 
core 10.56 
1.84 
wings 8.72 
7 44.04 
core 14.73 
1.84 
wings 12.89 
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Fig.3. The relationship of gas content deduction and the distance between coal bed and neutral plane 
Exploration and production revealed that there are only a little differences in coal formation conditions 
and surrounding rock properties of the core and wings of four layers coal above-mentioned (No 1,3,4,7 
coal seam) , but gas content in its core is significantly higher than the two wings ,and the closer between 
the neutral surface and coal seam ,the smaller gas content deduction (Q) between the core and wings of 
coal seam(fig.3). The relationship between Q and H (the distance between coal bed and neutral surface) is 
linear, namely, Q=0.016H+1.023. 
Four layers coal above-mentioned are all above neutral surface of syncline of Laohe. The coal seams 
in core are totally in the state of extruded and in favor of gas closure and accumulation. The closer 
between neutral surface and coal bed, the weaker effect of fold construction on gas occurrence, to make 
less difference of gas content between this location and the wings. 
5. Conclusions 
1) In the bending slide folds, every rock has neutral surface, but the whole fold doesn’t have neutral 
surface. The rock bedding planes are parallel with each other, and the same as the neutral surface of every 
bedding plane which locate in the middle of every rock formation. 
2) The distance a between neutral surface of bending flowage fold and the bottom surface is: 
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3) In Laohe syncline of Liupanshui coalfield in Guizhou province, No 1, 3, 4 and 7 coal seams are all 
above the neutral surface of fold . The coal seams in core are totally in the state of extruded, in favor of 
gas closure and accumulation. Gas content deduction between the core and wings of coal seam and the 
distance from neutral plane meet the linear relationship, namely, the closer coal seam distance from 
neutral plane, the smaller effect of fold construction on gas occurrence. 
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